ABSTRACT: Infestation of Ixodes vespertilionis Koch, 1844 on Myotis punicus Felten, 1977 from two sites (Trios Tunnel and Sidi Trad cave) in northeastern Algeria was studied. An overall infestation of 41.4% for all stages was found among bats collected from both sites. By stage, a total of eight females, 70 nymphs, and 107 larvae were recovered from both populations. The number of females recovered per bat at Sidi Trad ranged from 0-1, for nymphs 0-2, and for larvae 0-2. While no female ticks were collected at Trios Tunnel, the number of nymphs ranged from 0-2 and for larvae 0-2. At
INTRODUCTION
The Maghreb mouse-eared Bat, Myotis punicus Felten, 1977 is distributed along the Mediterranean in northwest Africa from Morocco, Algeria, and Tunisia to western Libya, and on the Mediterranean islands, including Corsica, Sardinia, and Malta (Felten et al. 1977 , Arlettaz et al. 1997 , Beuneux 2004 , Baron and Vella 2010 , Ahmim and Moali 2011 . The long-legged bat tick, Ixodes vespertilionis Koch, 1844 parasitizes a wide range of bat species in Europe, Africa, and Asia (Arthur 1956 , Hoogstraal 1956 , Kolonin 2007 , Ševčík et al. 2010 . Records from Algeria are indicated in Arthur (1956) , cited from several sources (Nuttall 1911 , Neumann 1916 , Leruth 1939 , and include Rhar el Djema, Ain Amara, Beni Add, Ain Fezza, Rivet, and Guelt es Stel. Bendjeddou et al. (2013) reported on the ectoparasites of bats collected from northeastern Algeria. Rhipicephalus sanguineus (Latreille 1806) was recovered on Myotis punicus from Kehf Lagareb.
Many reports included records of I. vespertilionis parasitizing bats in Europe (Dusbábek 1972 , Walter and Kock 1985 , Tovornik 1990 , Ševčík et al. 2010 , Hornok et al. 2014 , Burazerovic´ et al. 2015 , China (Busha and Robbins 2012) , Iran (Hassan et al. 2010) , and Turkey (Bursali et al. 2015) , with a wide variety of bat species as hosts for both immature and adult stages. However, little is known about the seasonal activity of I. vespertilionis in relation to bats. Piksa et al. (2014) investigated the seasonal activity of I. vespertilionis parasitizing Rhinolophus hipposideros (Bechstein 1800) in nursery colonies.
This study describes the seasonal infestation of I. vespertilionis on the Maghreb mouse-eared bat, Myotis punicus, in two locations in northeastern Algeria.
MATERIALS AND METHODS

Study sites
Two sites with large populations of M. punicus were selected (Figure 1 ). Humidity and temperature were recorded inside the two caves during each visit with a thermo-hygrometer.
Sidi Trad cave is situated in El Kala National Park (7.4669 E 36.8352 N), with elevation of 58 m asl. The cave entrance is 1.8 m high, 2.5 m wide, and about 15 m deep. The temperature inside the cave ranged from 17.5°-30.1° C during April and August, respectively, with an average of 25.1° C. Relative humidity ranged from 75-90% during April and August, respectively, with an average of 82%. The small cave is located near a thermal spring with a population of up to 300 adult bats. The surrounding vegetation of the cave is characterized by the predominance of cork oak, and the bushy growth stratum consists of Pistacia lentiscus, Erica arborea, and Calycotome villosa.
Trios Tunnel (8.3681 E 36.620 N), with elevation of 87 m, dates from the colonial period. The tunnel is 1.5 m high, 2 m wide, and approximately 30 m deep. The temperature inside the tunnel ranged from 16.5-30.1° C during April and September, respectively, with an average of 23.8° C. Relative humidity ranged from 79-91% during April and August, respectively, with an average of 85%. The tunnel is situated near Ain Chouga (Berrahal, Annaba) in the Edough Biosphere Reserve. This roost is occupied by M. punicus throughout the year, comprising a maximum of 200 bats.
Collection of ticks and bats
The study was conducted from April to November, 2013. During this period, bats were collected by hand from cave roofs and walls or by using a hand net. Also, mist nets were used at roost entrances from June to July. Each captured bat was carefully examined, and ticks were removed with forceps and placed in vials with 70% alcohol. The field work was carried out under permission number 052687 issued by the Environmental and Protection Directorate of Annaba and the National Park of El Kala. The SPSS Professional Statistics package (Version 17) was used for all statistical analyses.
RESULTS
Ticks associated with M. punicus
A total of 205 (84 males, 121 females) and 269 (112 males, 157 females) M. punicus was captured from Sidi Trad cave and Trios Tunnel, respectively. Of the male bats, 22 out of 84 (26.2%) were infested by ticks from Sidi Trad, and 39 out of 157 (34.8 %) from Trios Tunnel, with an overall infestation rate of 31.1% (Table 1) . For female bats, 48 out of 121 (39.7%) and 67 out of 157 (42.7%) were infested by ticks from Sidi Trad and Trios Tunnel, respectively, with an overall infestation of 41.4%.
By stage, a total of eight females, 70 nymphs, and 107 larvae were recovered from both populations (Table 1) . No male ticks were found attached to the bats. The number of females recovered per bat at Sidi Trad ranged from 0-1 (mean = 0.11, STD ±0.31), for nymphs 0-2 (mean = 0.44, STD ±0.50), and for larvae 0-2 (mean = 0.43, STD ±0.49). On two occasions, one female was found on the same bat either with a larva or a nymph at Sidi Trad, and on three occasions one nymph and one larva were recovered from the same bat at Trios Tunnel. For ticks recovered from M. punicus at Trios Tunnel, no females were collected, while number of nymphs ranged from 0-2 (mean = 0.34, STD ±0.47) and for larvae 0-2 (mean = 0.65, STD ±0.48). By site of infestation, all ticks were recovered from the ears.
Seasonal association of ticks
No female ticks were recovered from bats at Trios Tunnel (Figure 2 ). Nymphs were significantly greater in number during April and June (P=0.000-0.004, 95% CI =0.67-1.13 and 0.28-1.05), except for July (P=0.081, 95% CI=-0.05-0.65) and September (P=0.082, 95% CI=-0.04-0.46) (Figure 2 ). On the other hand, the number of larvae increased from July to November (P=0.001, 95% CI=0.35-1.05 and 0.64-0.99)
In Sidi Trad cave, female ticks were recovered from bats during April and May (P= 0.001), and then disappeared until the end of the study period (Figure 3 ). Significant differences were noted during all the months compared with all stages (P=0.013, 95% CI=0.15-0.96). Nymphs infested bats significantly during April and May, declined in June and July, and then became steady until October. Larvae peaked in July, with low frequency in April, and then fluctuated from August to November. Arthur (1956) and Kolonin (2007) Males of I. vespertilionis were not recovered from M. punicus. We did not examine the two caves for the presence of unattached ticks or their eggs. This is shared by other authors, whereas only females were collected from a variety of bat species (Ševčík et al. 2010; Piksa et al. 2014) . Males were reported on cave walls (Arthur 1956 , Hoogstraal 1956 ). In Slovakia, female ticks were found to parasitize Rh. hipposideros during March and May, Rhi. euryale in March, June, and July, Myotis myotis in June, and Rhinolophus ferrumequinum during April and May (Ševčík et al. 2010) .
DISCUSSION
Our study is the first attempt to investigate the seasonal association of I. vespertilionis feeding on M. punicus. The only detailed study on seasonality of I. vespertilionis on a bat host was published by Piska et al. (2014) , who reported that 26.8% of the Rh. hipposideros were infested compared to 31.1% in the present study. For seasonality, Piksa et al. (2014) recovered females only during April and May, while in September and October larvae were more abundant. This agrees with the present findings, but we recorded an increase of larva in July at the Sidi Trad site and in October and November at the Trios Tunnel. As in our study, seasonal changes and prevalence in infestation of bats varied from site to site. Piksa et al. (2014) showed differences in prevalence, tick abundance, and intensity of infestations as well among two populations of Rh. hipposideros in southern Poland. In Slovenia, Tovornik (1990) reported a prevalence of 11% among four bat species and stated that I. vespertilionis was active throughout the year.
Myotis punicus is the most common bat species in the caves of northern Algeria, encountered throughout the year (Kowalski et al. 1986) , with the largest number of bats collected in July (Bendjeddou, personal observations) . At the Sidi Trad and Trios Tunnel sites, the number of attached larvae was the highest during July and October, respectively. Piksa et al. (2013) found I. vespertilionis on roosting Rh. hipposideros and in a nursery for this bat species in Poland, whereas unfed male and female ticks were very abundant on cave walls. Further studies on the association of I. vespertilionis on other north African bat species should be carried out to determine host preference and if other species contribute to the life history of this tick species. 
